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I?.J. IIaw, 1’.11. l{allelii{~yri,  I’.’l’. hTicldsotl, 1<.1’.  l)avis,  J. It. Ricwkl’z

‘1’his pqm clisrmsws  orbi t  Ctc.tetl!linatioll rcs[tlts for tlw Galileo  satellite. tou I. 1 .N’killp,  a

h i g h  gain  arilcmm,  IIIc.  Illission wil l  use.  a l o w gilill :IrItct  IIIa t’oi COIftIltLlrlic:lIiO1]”  alId tl:lckill~.
‘l’t[is Clmrit:c  inll)lics  fat IC.SS n:lvi~ation CI:IM will bc awilable [liar]  previously  expcc[cd. A
[msclinc orbit a n a l y s i s  was cmIIIJe!cd  :Iwlll)il]:  tilis  (iect  dawd  Clat:l  Sctlcduie.  Var  iatio[]s  OIL

t h i s  baseline  WeIC s t u d i e d  tc) dctcrrllille  serlsitivity  to tl;IIa lCXS. Resulls  i!dicalc ttlal tlw
I)lobabi]ity  of Coll)l)lctil)p,  t}m tcnlr  is tess  ttIalI  ~~%, :I]ltloll:tl  f’ll(lllf illi[)lo~’c.!l)c]lls  ill  m b i t

(Ie[utlltirlatior]  p]orllisc tc) r:~isc the l~)(hbility of colllplc(i(ltl above. 90c/t,.

. . . .

lN’I’l<Ol)ll  C’l’]ON
“1’llc Galileo probe, wilicl]  w i l l  CX]IIOIC  tt]c  Jovian sysIcIII, lo:ically succccds tt]c

e.aIly  rc.cotlll:liss:ltlce.  ]Ilissiolls  o f  tlw l’iollccls,  ttlc Voya:c Is, :tl]d U l y s s e s . 7’11OSC
s~mcwrilfl  f l e w  ])as[  Ju]~itc], s~mldin~,  little tillm in its systc.111. ~iillilCO  diffcls flOIll
ttw]ll i~l that i( will rc]r]ait] wi[hi]] t}]v Jovioll  systclrl,  stu(iyi!]p, Lllc. ])laIlct,  its llla:,rlcto  -
s]d IcIe.,  ad  its foul ]najor satellites fol a ]xxicd  of two ycoIs.

lIISeI l ion  in to  olbi[ amumi .Ju])itcI will  occur oII lkcc~llt]cl ‘/,  1995 aflcr a n
C.rrCollntcI  witti  tlrC sntcllik 10. lJLllil]~,  IIIC. i’ollowi]l~,  “toll]”, Galileo will cnccm]ltc.r
lijurcqm, Gatly]Idc,  a n d  Cltilisto  at lcwst  ttllcc  tillics  cwcll, OII [Iajc.ctorjes  \)Iillp,ill& i t  tcr
:Iltilildcs bCtWCelr  200 alId 3 1O(I kilo[llc[cls. “1’he avail  al>ilit?’  o f  ~1]4’cisc  navi:,ation
krmvlcd~,c  will pcnllit fli:,llt co IIt IollcIs to cx])loit :,litVit~-:l  SSISIS  ttll”oll:,lloll[”  tl}C 10111”.
‘1’lwc  awists Illil]illlim  ])]ol)cllallt cxlw]l(litlllc  nl)d cllal)lc  a tc!i  Cllcoulltc.1  toul wittliil
sixlcetl  IIlotlt}ls,

‘1’]Ic ICI] CIICC)U1l[C.IS  ocxwI  0 1 1  C!CWII  mbi(s  - -  illjcc(iofl  c)f all additiortal  “l)]msiIlf,”
oll)it il~to t}m tOLII alllclioratcs ]Ilissioll coIlstraiTlts C:luscd b y  a  so]al coIliunctio]l  olI
January 19, 199? ‘. (ArI oIhit is llsc[i lint- 1 0  clcscIillc tlIL’ tI:\jcctoIy  follc;wcd hy tllc
s]mcccIaft  l)~tw~c[r  satellite. pclice.lltc.rs.  ) A blkf  OVCI v i e w of [ml] cl IaractcI  istics i s
]JICsC]ltd  ill ‘] ’d)]C.  1 1, 1[1 tllr. tc)ul SCJ Callcci  IlolklaI:,rml Crlcc)lllltcls  alc a l s o  Ot)jccts
c)f stltdy.  Nc)tI- tal:cttecl  er]counte]s  lInvc  Ili:,hcl  a l t i t u d e  flybys  aIId tlk’lefc)lc  dc)ti’t colI-
tI ibllk  sigtlifimtntly  to tlajc.ctc)ry  f,l:lvity-assists. “1’ttcsc aIc listc(i iIl ‘1’al)lc  I a s  WC]],
but }lavc  all “ N ”  suffixed  to tlIc C. IICOLllItCr”  IILIIIltWI  alICl  al)])cal  iJl Slr’lal]cl  Siw  forit.

‘1’he Jovi:~rl s a t e l l i t e  tcmI was clti~ill:!lly  (Icsip,!lcd to returtl lligll  fate scic[lcc aIId
IlilVi~atiOll  infm Inaticrlr. 1:11  Ioutc to Ju])itc], lIO\Vc.vcl,  CialilCO’S dc])loynl)lc  IIi:,ll  p,aill
:~]it~tll~:l  (11 CTA) f a i l e d  to O] KI1, lc:lvill: ii sillp,lc l[)W  :,ili Il ~l]tCI)ll:l  (1 .(if\) d~ [lIC

slxlcecmft’s so le ,  tcic.co]]-ll]l {l~lic:llic)t] IiIlk. “1’llC  tC)LII dfxcIilwd  iI1 “1’ilt)Ic  1, t}l(>ll:,h
o])ti~llinx]  for an IICiA  rl]issio]], w i l l  IIcvc Illreless  ]c]]l:til] fo[ t}Ic I .GA rllissic)I1.

* Navigo!w SYSICJIW  J~t l’rq,uls~mi  I OIIOIMOI  y, C’ol  IfOI  nm [rls(l[t!w of 7 CC III IO ILIH’, PKKIUI:I  CA 9 I )09



‘1’alll(’  1
GA1 (11 <IL() SA”I’lC1  ,1,1”1’11 ‘I”OLJI< CII/iR/i  C’J’F,}tlSI’IC’S

Sate. !litc

CiarlyIllcdc

Cianytllccle

Grllisto
hmrprr

}hopa

Fmri)pa

I iurq  kt

rurup
{iaflylmxle

Cnllim
(iarlylllcde.

C’allis(o
Gi)llylll(’ik

~allisto

1 w t Opa

1X1(C

July 4 ’96

.Sq)t. 6 ’96

Nc)v. 4 ’96
NCW.  6’96

JaII,  20’97

l’et). ?() ‘9”/

Almil 4 ‘W

ApI;l S ‘9-/

MrIy 6’97
Mity “1  ‘9-1

JUIIC 25 ‘~-)
Jtmc ?6 ’97

Sept, 17 ‘9”/

N(Iv. 6’97

he-w-writer
1’c.riOd  (clays)

>30

63

fix

44

30

3 I

48

83

49

Altitude. “1’ruc AImIIIaly
(km) ~ (degl-ccs)

5(M3 -6?

?00 -68

695 23

27,600” 5

25,000” -?9
310s 84

33,?(0 -120
1602 -84

4 ? O -111
W),?(UI -6s

5?8 -111

]I?-j -18

‘1’his par)cr  assesscss  tlm orbit ctc.temnirmticm  (011) capal)ilitics of the 1,CiA lllis-
sim]. Iksi)i(;.. sigliificatltly  clc~]aded  rlavi~ation  data, it concludes  that tl)c ]mklltiat f o r
cculiplc.till~l  t}m I.GA (our rc.rnains hi~,h.

1 ))cSCI<IJ’’I’JON  OV l]l<olll ,lCIM
]’I’OpCj]aIil  maI f,in  ( I ’ M ) ,  t}lc 111:1sS o f  f u e l  ancl  oxidi7c1-  rcllmitlin~,  afler tcn

eImNlntc.Is,  is a GXNJCCII1 to flip,ht  cmltjollcxs. l’ositivc  }’M il]dicatcs  a 90% probability
of toul c.olll]deticm, WIKIMS negative 1’.M itii~dim  a ~l[obability  of less tllaTl  9 0 % .
NcaIly  9 - / %  c)f Cialilco’s  ]]lo]>c.ll:lllt  is cx])c]dcci  bcfole the tour slaris (thirty days
bcfme. the first c~lcounter,  m Gl ]Ilillus 30) SC) I’M, as a llmjo~ dtiwr irl tlm 10 N], 1s
c l o s e l y  Ilmnitored  and ccmtillually  lc-assc.ssc.ci  to asccltaitl tllc liklihood of co[rtpleting,
ttm tour’. “1’ctl  clicounters arc amurcd only if ~)io]mtlallt  usz:,c is Ilmdest  -- atld g,uidin~,
tlm spaccclaft  with  a xllit]ilillltll of thrusting rcc]uites accmiltc  Olbit  clctc~lllitl:~li(~[l.

“1’im nc.c.cl  for accuralc 01) Iaiscs cc)llcc.rl]s  about rmvi~:ttins  the 1,[iA  tou], witl] its
dc.a]  [l] of J]avjg:~tioI)  clata  aII(i (I1c lack of rc(iu!l(iallcy tlmcin illilllicd.  ‘1’hc ll[iA m i s -
s i o n  ]Md X - b a n d  d a t a  late c.apn~)ilitie.s  of ] 15,000”  bits ]WI second (b~x)  - aliqlk
bandwidth for rravip,at  i or) Im.asul cnnmlts. ‘1’hc 1 CiA IIlissioll is cx~mctc.d  to rctulll,  a t
h%(, Oilly  ]60  blJs OVCI ~.~~ 6] ]~ $hind fl~qllcll~i~s, witt] a rrlcan r:~le of 40 tq)s ?.
Wc expect to acquire two-  way cohcm)t dolq)lcr  dat:l, but 110  tilllill~,  (ran~c) data,
(Range, which requi]  m prc.cisc poiltt- to- poiI1t II Iczsul  wlm]ts, has a  ul~favorable  sip,nal-
t o - n o i s e  r a t i o  atld is ullusablc, wtwicas  dopl)]cr, forllmd b y  i[ltcg] s t i n g  raucc



IIlcaslIIcrImnts  over tilnc., is placlicablc.)  S o  ill tllc C.IK1,  tllc ~mmity o f  t})e 1.(;A
telc.co~lltllllt;  ic:ltiorls rate and tlm ]~rimity  of scicllce data colls~)irc.  10 lilnit  the. acquisi-
t i o n  of navip,atimi  (iata.

O~~tical rlavi~atioI)  ilmgcs  (opIIavs)  i.e. s a t e l l i t e  iIIla:,es a~, airlst  a sIcllaI  back-
gIounci,  am a pillar of tlm 1 GA toul. C)])ll[!\’S  aScc.r(aill sat~]]it~.-l”~.]~~fiv~.  lJCisi(iorl  illfc)~  -

IIlation. Satctiitc  iltmgcs, S]llltlcrcci  wit}] ihc on-hoarci  ill]a~illg  systclll,  bc.coIlm  v e r y
valuat)]e  to  navi~,ation  became.  of  tlm s:ilcllitc-lcl:l!  ivc illfonlmtic)ll  t h e y  plovicic priot
tO the. CIICOLllltC1. Clmvc.rse.ly raciim]wtric  lfIcztsLII crlmnts, p] ovjclin~,  o n l y  baryccmtric
infmnaticm,  CallliOt  inl]mve tbc satelli te c~)hcll’ic.ris  (althou~h (iopplta dms sulyly uSc-
ful tinw-of-ftight infcJrJ1)ation). “1’})11s  a Ca[lqmigll o f  o])nav iI1mgirjg  conductd  o v e r
some. jdicicms  interval  bcfc)l c. the mmoun[cr  will r-cciucc, pm h a p s  s u b s t a n t i a l ]  y ,  t}m a
priori cphcrnet-is  uncertainty ami thc~cby  lniJlimi~c.  (iclivcry  ciispctsicl]ls.

]Icrein  ]ics t}m mux  of anothtv  d i f f i c u l t y  w i t h  the 1.GA tour. “J’r:lr-lsll’littil]g  a sill-
f,lc opnav Over ttw low ~aiI]  alltclllla  l e . q u i l t s  a ~ ) ~ ) l c ) x i l i - l a t e . l y  s i x  hotirs  of de.(iicatmi
ciowlliink,  a  l o n g  interval  foI evcII  a sjIlp,le o]mav, much  l e s s  all e.ntilc.  olHIav  calIllmi~rl
~,ivc14  t h e .  nlissic~ti’s  otim pricwitic.s  (e.g. ICtlJIIliJl~  SCj CIICC  (iata). Yet  ttlc louI ml-rains
unnavigable without opnav ciata  (slmwtl later irl t}m palm).

]n ttic fo]lowirlp, sectio:ls severa l  sche]llc.s  ale. (iiscusscd  to llavi~,  atc G a l i l e o
ti]roll$,h  tllc. Jovia!l tour’ via a IO W  ~,aiti [llllCl]J]il.

)/] ] ,rJ’J~]~ ~~{)])]~] ,

l;.aClI m bit js heated  indc])clkxl(ly  irl tllc arlulysjs, but fol l)ur}mscs  of  mntjr]uily
some overlap between orbits is cicsir  able. “Illus the s])accc] aft t[ajcc(ory for o r b i t  i
was illtc:,ratcd  from an cpoc.h  state locateti  five days before Clmourltm  i-1, alIci e~dc.(i
slml]y aflm c!wounter i . “ l ’ i r e .  illtc~,~atic)rl  l) Io(icllc.ci  ail kllowm signjficar]t  ciy]~alllic
f o r c e s  acting m the s~x]ccc] ail, al~(i cII~lJloyc.d  J}>l , ]~la!rctal  y arl(i Jovjar[ satellite
e]lhcrllcri(ics 3*J.

1  Ml irr~ each olbit, tllrcc lJrilw.iI)lc  ~mymlsive marlenvcrs cailcd  o r b i t  tljlll
Irrallc.lrvcrs  (O-I-MS)  Cm.tlr. ‘1’hc,  p l a c e . m c . l l t  of the first all(i  tllirci  of these nmncwvcrs  js
siIrlila  T tc~ prcwious  studic.s  ‘ . ‘] ’tJC. Ill:iTlc.Llvcl  s alc (ICSCI il)cd h’l[)w.

“1’lIe  fi[st rnallcuvcr,  labcl]c(i  U1’A41 ,  i s  ~rrfollllcd  tllrec (lays af[cl cllcotl[ltc! i-l
(cxclu(iing  orbit 1). ‘]”]lis  post-cncoutltcl”  lrlallcUVCI  i s  Icquired  fOl statistical Ic.aso Irs.
WC  [ltitiCipa[C  all  a(ijuslrllcllt  tc) tile aCtllill  S]lacecI”:lft  Vc]oci[y  ( a  AV  110[  irlc]lldct!  ill t]lc
rmlllinal  t r a j e c t o r y )  iir or-(ier to c.ol Jcct nlancuvm a[l(i h :ljectc)I”y C.rrols a t  ttlc jlK&-
Colllplctcci  e.rrcountcr. CY1’h41 will ]xrfolllr  tlris clc.atl-u]). 0“I”M2 is IOca[c[l  ill tl~~ rriic]-
cilc. of the. [iata arc, at Jovian apocclitcr, bctwccll  c]lcourrtels  i-l an(i i  (a:,ail] cxcluctinp,
orbit 1). “1’ilis Ilmncuve.r, pal-tly detmlllinis[ic (i.e. illclu(icd  irl t}m dcsipll  tl:ljcctol)’)
tal~ets (0 t h e  encoutltcr  i a i m  point  awu Jnirrp,  a nolllirtal swin~,by  o f  tlm lnevious
Crlcourtter. CY1’M3  (anotlm  statistical II IalIe.uvcI)  is positiotlc.ci  t]ircc d a y s  befolc
ctlcoulltcr i. I t s  p u r p o s e  i s  to rc-tw:d  (ialilco to t~lc dcsilc(i  :~il~~ p~illtj  CorlCCtirls  P1c~-
vicms C)II ellors  anti CY1’M2  cieficierlcics.

Oll~it  cictcrJllill:ltioll  covaI  iallces  w e r e  conlln]tcci  wit}!  e~wcli state,  l e a s t - s q u a r e s ,
squarr  root i nfc)r J rrat  i on  filtc.rs “7*. “]’}lcsc  c~v:llianCcS  arc llIa~)~)Cci  fol w a r d  wittl  S t a t e
trallsitiorl  Ili:itriccs  t o  ri tirnc  o f  inte~cst  ( t h e  c l o s e . s t  al)pr-oacll 1 0  the s:itcliitc)  :ind
tiansforlrlcci  into Krrp,et-cciltclc(i  11-p]allc cool~iirl;ilcs  ( s e e  rcfcrcnce [9] fo] [i {iiscussiofl
of tk H - p l a n e  cmorciinatc.  systclrl). MaI)]Kxl  covari:ir~ccs  inrlic:l[c  tllc Irrap,r)i(ucie of tlm
1 0  01.1 ciispe.rsiotls  wc expect to  se t  (ir.11  irl:, tlm tour. (Wi[llj[t [i 10 ellj]m wil l  fa l l
40% of till c.r]countc.l  t! ajcctmics.)

Inputs to the. filter consistc(i  of tllc a p)iori unccltaiiltics irl the nlcxic] parallletcls,
and alc listrxl in ‘I”ablc  2. IIstiiliatcci parameters irlclucicd  [rej”c]cncc cite.s source of tile.



‘1’atllc 2?
A 1’1{101{1  t) N~l’;}t-l”/iINJ”IltS  IN ‘1’lIIL MCJ1)I’I  ,

. . -

l’atiilllelcv

Sp~CCCrilfl  initial positicm
sp:mcvaft  ihitinl  velocity
(NM  velocity illipulse.  (Av)
Attitmk  nmnc.uvcr  AV

(lrlnera  pointing 2.I oticntation
Cl, &
‘Iwist  around optical axis

Satellite rq)he]im]is
1 iul Opa

OIbit Orientation (3 l~trlcr an~.les)
l.Ol]git  Ude fiwli  pm iccmtcr
Se]]]  i-nmjor  axis (As/a)
}kccntJ  i city (Aek)

Gallylllccle.
tlbit  OliC1llilliOll  (3  h’ulcr angles)
I .oll~itudc [1OIII pcrimnler
Sc]]]i-l]]ajor  axis (Ada)
Ecccn[liciiy  (At/e)

(:allism
Cht)it orientation (3 litrlcr arr~les)
I .cmgildc  f]on~  pcricellter
Sc]lli-rlmjol axis (As/a)
1 kcent[  i city (Ae/c.)

Jupiter ephemeris & orientation
OIL,it  Orimtalion  (3 l’.uier angles)
1 .rmgitudr  flolll pcrkerltet
Sct]li-rll:lj,or axis (As/a)
lk>Cr[)IIIC]iy (Ack)
Pole direction

I’alanwtcr

1 JSN st;ltio[l  loca(im]s

lrrnosphclc zenith  delay

I{ S’I’lMAl’lil)  PAl<AMli’J”}iRS
LJncctminty ( lo) [’oll)T1)cnts

104  kill
100  lldsec
1.?%  of toml Av
2 IillidSCC 2 pcv Itmntl],  & ~1 day flo]ll C.I{C.

2 Illilli[ad estil[laled for each  c)phnv
35 Illillirad estilitatcd  for em}) o~)]lav

8 IIlillirtid Jtl C’arlcsian  ccrordirlates:
1 rnillirild ‘/ krii radial
‘/ parls  in 106 43 krri  alon~[rmk
1 patlirl  103 2“/ krll out-of -pkrnc

1? lrlillir:ld III ~: firk%ian coordirrates:
“/ nlillirad 10krli  radial
1  parl  in 1($ 60 kr[[ :tk]rr:[r:lck

8partsirl  107 30 kr[i  oUt-Of-l}121]c

S rllilliracl In Carwsi;{rl Coorciinalcs:
1 rt~illit:id 15 kIII  radiol
1  paTL in 106 106 kIii alorl~[riick
1 pari  in 103 50krii  crur-of-[dartc

2.Y10”2  nlillirad In Car[esiar[ coordirlates:
3 .YICY4  rllillirud 15 krrr radial

‘/ parts ill 109 150  krll  alorl~,  track
2  ~):lris in 107 15[)  kIit out-of- l~larlc
‘/ X10”2 ]Ilillirtrd

CONSIII1’,RIJJ 1’ARAM1’,’I’}.RS
LJr,crr[ai[,[y  (10)

11 cr]l radial
12 crl] Y-lmigtlt
IS C]II IC)rlpitudc.
75 crn daytillw
]5 CIII ni~}lt(irlic

urmmint  y ) :  spacccraf(  e.]mch  s t a t e ,  IIt.af,nituctc  of whit  triIiI rndncuvms,  ma~rlitude  of
at(itudc  ccrrilml  in)pulse.s,  c.anlc.ra  point ltlp,  ancl Crricntation  f m  coch o]mav 10,  o r b i t a l  e.lc -
mie.nts  of the satel l i tes 4, o r b i t a l  c.lcllrc.rlts  c)f Ju~]itcr  3, and  J u p i t e r  oticn[atiolr  4.

‘l’he  urlceI &ainty  in ttm spwxmaft  in i t ia l  state W:IS s u f f i c i e n t l y  lar~e to lmvc it rcxr-
sorlab]y  LIIlcotistr:lil  le.cl. L]ncm’tailltics  in tim opliav ]mintir”t~  ]Mr;lnmtms  -. light  aNXlr-
sion, cieclilmtiml,  zrncl  rotatimi  about tlm line of sigtrt ( t w i s t )  - -  wmc al ]  sufficie.tltly
lalge.  to lemvc thclll unrmlmt[airwd  too. “1’hc  orbit  Orie.litation  Urlcer[aillty is the n~c:tn of
the root-slllli”s(lLl;ire  of t h e .  utmerlait]tics  in tile th]ee. olbi(  l{ulel WI:,ICS (at c!mcmnlcr



. . -.

tinm, since. these ullccrlailltics  ale. ]wliodic.). LJrmltailltics  in the  ascc[ldirl~  tmdc arid
the mg,utncmt of pcricc.ntcr doillinate this quatltity.

‘l”hc4 cffc.ct  of um.crlfiintic.s  in rlmdcl pararIickM  about  which  tlm clata was  fe l t
ilmdcquatc.  tc~ c.stitoatc, b u t  w h i c h  wcvc kImWJI  to be. accm atc]y nmdc.llcd,  were.
inc luded  throush the LISC of cmmidcr  atmlysis  ll. “1’hcsc paralnctc.]s,  also listed ill “]’able.
2,, c.olisistcd of the lIC.C.]1 Space. Nc.twmk’s  fiducial station locatic~[ls  12 and tlm calihm-
tion of t}m mliith delay of sip,nals prolmp,atc.ci  (tltcm~,ll  t[m ][al L}l’s  iotlosphc~c  ‘3.

“1’lm c.pot}] state. (Cwmickl  ) coval  iallcc.  (A) col]qmtcci  by t}m fi]tcr is ~,ivell  by
A, (A7 + W *A)- I+ S1), *A, *S;,

wiwle.  A = t h e  partial  ckrivativcs o f  t h e  observablcs  wiih lcslmct  m tllc. cstililatcd
paranmtcrs,  w =  the  wc.ights of the. data, S2,, = paltial derivatives of tllc.  e.stil[mtccl
~!ara!iwtc.rs  with respect to the collsidc.lc.ci  patallicte.1s, and AY = the. a priori uncm Laill-
tlcs II] tlm considc.reel paraliic.tcrs.

“1’wo Co]ill]loll  parar~ictcl fycm~)ill~s  not illcluclcd  in I’ab]c 2 ale. spacmraf[  solar
r e f l e c t i v i t y  tc.1’rlls and tto])os]>hclic  tcrIIK  affcctill~, Si~,ll:ll  [No]Ja~,a[iOI1.  “]”}lcsc palalllc-
tc.rs wine. inckcd  Illcdc.llcd but C]illlirlatcd flwll 11x filtcu  bc.cause of tllcil-  dC.IllOIIStIdtCd
ir}corlseqllctlti:tl  ity to tlm CI1l.

Near]  y the  sat~ic  set of pa I al IMcls wcIc c.stiIllatccl/c  (JllsiclcIeCi  f o r  e a c h  m b i t .  ‘l”hc
cmly  e.xccp[iol]  ]ay iri t h e  nul  Id)cI o f  attilucle.  collt]ol  vc.toc.ity ililpulse.s cstilnatect.
1 .oiIf,cI am ccmtaillc.d  more ilIllmlsc.s.

‘1’hc. tltlccltiiit:tie.s associated with tllc.  tl ackill~,  dat a
twc)- way Clop]kv , 1  lllIldscc  (avrl  ap,cd OVC1  60 Sclmlds)

IIA3’A AJ(CS

WCIC tllc fol]owinp,: fol S-band
and fol olMIavs,  (),35 ~lixc.ls.

]iach Olbit h a s  a utliquc.  tlajcctmy, so t}lis arla]ysis czil])loys tcli clata scls. ‘J’he
data sets sil[iulatc.  data acquilcd bctwccl]  C.llcmllltc.rs  as wcl] as data floI[l tllc lattc.r  ~IOl--
tiofl of tl]c plevious o)bit. Specifically, tllc fimt ciata  point  ill cacl]  data set is collcc.tcd
five days bcfot:c.  cnccmlltcr  i-1 ami the last g,atlmcd  slmdy aflcr cllcountcl  i.

R!+&

,%oconter  Manouvor
(C)l M-2)

LMJCK

.OTM-1  data  arc 2?7i
.

Pwwniuntw
noawwvclr ‘~F._SA”’’’a’”7d(C)l M. 1)

5



Su~qmrting  eacli  ]llaneuvel  dcsip,rl  is ail a~qmprialc subset of (lm data set, Calld :1
data arc. l;ip,ure 1 cie.picts  g,cllc.ric  ciata a r c s  f’ol arI Otl}it, witll n cle.lailtxi  m])lallatioIl
~)rovicicd bc.low. Only rnmumwels  lyill~,  withitl  da ta  arcs arc cslilnatcci  ill llm 01).

The  clata  arc for the (icsif,~l of CN’M 1 has a lCIIP,L1l  of 5 t/3 days - bc~,intliilg  5
days bc.fore cncounte.r  i-1 an(i Cli(iinc  8 houls after tl]at encounter . (Recall OI’l M1
cxect~tcs  3 ciays afkx the .  mc.ountcr.)  “l’he (S1’M2 data aIc e.rlcmlqmses  12 to 39 d a y s
(valiabic)  -- starting 3 (iays bcfom clmoul)tc~  i-l  anti e.]lciin~  7 ciays bc.fmc 0TA42, tlm
Jovian apoccntcr maneuver. 1 ’ 0 1  CI”I’JM3, the atc bc,gills  12 hours EifkI”  e.ncountcr  i-]

anti stretches all k way amun(i tllc olt]it ul)til  4 ciays 3 houls bc.fmc the. u~m)rliinp,
emcounte~ i (equal to U1’M3 mitius  1 d~y 3 houl s ) . l’hcrefc~~c  t}iis arc aiso varic.s  in
lmtg[h as a functiml  of orbit, with alc lcnp,ths s~~anning,  ?’7 to ‘/9 (iays.

Chiicctilip,  nlinill;a]  yet sufficimlt  ladio~]ictjic  ciata to Ilavigatc  tlm 1 GA tour  i s
ckrrly of p,l-cat  conce.rm. (Mm studies acicimssed  Ill is issue anti conclt)cic(i  that till cc.
tI ackinp, passes  pc.1 week we adecIuatc “~. “1’FILJS  as p r e s e n t l y  fol-rIlulatcd, tl acki]lg
schcdulc.s  call for ti-lrcc  s ix-hour  passes pc~ w~~~ (ill]  jr)~ t}le, ~lllise, ~Ih:tsC t)~t WCC!II

C.ncolllltcl  s. Alounci each cmcourltel,  corltittuous  tlackil)g  will acculllulatc fm 48 b o u t s
bcgitlninp,  OIK clay before. tk cnm)tltcr. (hl]y two-way Cc)llclcllt  S-ballcl  cio~qlim Ciata
is collccte.d.  (lcJIII]mIc  tilis w i t h  [}IC }l<iA touI  w h i c h  schcxiu]eri  e i g h t  e.i~ilt-lmur  t r a c k s
pc.I  week ciurin~  c1 Uisc. phase a n d  10 d a y s  c)f continuous  track itl?, al ounci e a c h
Cncourltcl,  colicctin~) botl] cioppler  aI[d rarlq,c.

Ovcrall, as an appl oximatc frguTc c)f (iCIl]C.l-it, the illforlliatiorl  Coll(crit of t~vo- way
cio]q)le.r  ciuri]lg t}m tour has clIo])])c.ci  by apl)loxillmtcly  foul oIdcI-s of Illagr]itudc.

C)pticai  navi~,aticm faIcs t-)cltcI. N o v e l  ilna~,c  c.oll]])lc.ssioll  at](i c.diti]l:,  tcclllliq~lc.s
wi l l  allow tlm rctulj]  of u~) to fifty o])t]avs ])c.I oIbit (vs. two hullciwd  ill tile IICiA lliis-
sioli), a lImlcs[  Ciemc.aw  ili tlm to ta l  o~mav illforlllatio[i  coIltcl it. ‘1’his O~)IlilV  Stl”~tC:,Y
rctnirls tlm ittforllmtion  coritcnt of e a c h  itlla~,c  ye t  ICtUIIK t w o  or(ic  Is of lllag,llitll(ic
fewer bits to tl~c SIcMIlct.

l<e.ciucil]g  tile picture tmip,ct  lilllits  tlm gatl]crin.~  of o~)navs to a bi]]]t)(ial paltcm.
M o s t  in)ag,cs  (90%) are. taker]  wllilc t}]c s~~accc]afl  IS close to pclicc]ttcr, witl]  cmiy :1
f c w  illia~es  co]lcctcci at aIJoccIILeI  (dista[]t  cyMI:Ivs  c)ffeI II ICaSCI illl])lovclllerl[  t o  01)).
‘1’hus OpIIZIV  dil(a  tcrl[is tO CIUSICJ  irl t]]C fi]st ;IIId ]a~t WCCkS  o f  C:IC]I  ol’bit,

I) IS(USS1ON
‘l’he lar:,cst a p r i o r i ullccrtarltics  ill tlm allaiysis  bcion~  to  ttlc s[;ltc of  ttlc  s~Jacc-

cIafl and the StiltC  of tile Galilcall  satellites. Re(iuci)i:,  tlmsc states to levels acce~mb]c
for navigation is tim put ~mse. C)f tour 01).

Precisely cictcvlnir]ing S] MCC.GI  a f t  ]ocatioll  is rclativc]y  st] ai:,ht fm warci. ‘1’o sec
t h i s ,  conqmc  tlw ex])ccted prc-cncolllitcl’  ullcer(aintics  ill tlm spacccr:ift  c)]bils of l;i:-
UIC 2 with the unccr[airttics  c)f the Galilc-ails listeci in ‘] ’ilt)lC  2. Just o~le  01 two IIKJIItiK
o f  minifnal  s~mcccrafl Iiavi:atio]l Ciiltil fill Sulmrccdcs 300 ycals o f  }al Lh-t)ascci
tclcsco~]ic observation of the Galilcans (whicil  also illcludcs  the Voyaf,cI obsm v:ltions).
I’hus acxwratdy locating  tlm s]mcccraft  i s  cx]lcctcci  tci bc lCSS Of [1 ~~rot)lclll  tllilll  aCCll-
ratcly  Ic)cating  the  tar@  s a t e l l i t e .

“l$hc n p r i o r i  posilicm Lllmllaili[ics  of ]iuroi~a,  [ianyIIIc’cic, aIl(i Cailisto ale. a]so
CllilItCCi  iil l;i~,ure.s  3, 4, and 5  4. McHcovcr,  ttteSC fi~llICS  i]]llStl:ltC  8 ChlOIl(do~,y  O f  tilC
conqmtmi  p o s i t i o n  unce.rlairltics  [Ircljcctc(i  t o  cncoulIlcI  tilnc. i n  ~c.ncral  as Gaiilcc)
appl”cxichc.s a  tai p,ct ancl  acqui Ics moIc d a t a , knowledue  of tllc. SiltC.llitC  p o s i t i o n
iIu3e:lsc.s  a n t i  i t s  roo(-stllll-s  ci[l:[re  utIce  I [ainty  (h-’cIcases. }A1]ccially  [ildllliltiC  i s  ttw
cicmcasc  in ullccIr[aintics  a t  t h e .  tirllcs  of (N’IM  1 arlci  ()”J’MJ  f o r  t h e  G ?  m b i t .  ‘l’i-m  rea-
s o n  for this is ttmt tllc previous  atld Llpcomilis crtcoullte~s  are both wittl tk s:llllC
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lIIEUIC  2 1’IC-CIICOUI:lCI  IJIICCI [:iilltics  ill Galileo’s Oscltla(irtg  l[ICIIICIIIS

satc]litc, Ganylnccle.. ‘1’im iinl)lovc.cl  t):[ryccrit[  ic-rcl{ltive [ianymedc  position obtaillcd
frc)nl tllc filst flyby mlhatms the clclivcr  y to the sccor]d ermml]tcl.  A silllilar  doublet
occLlis  again l a t e . 1  ill tlm tour w’ith C:allisto (C3 a n d  {~1 O).  ‘1’hc O’1’M 1 aflci O’1342
clc.livmie. s for C~10 should  ttlc.rcfmc  aiso s n o w  llmrked jlll]novcI1mllt vis-a-vis [3. ‘1’lIat
t}lcy (io tlot (riS,Llrc  S) is attlibu[ab]c to t]m rloll-talg,ct[c.Ci  e. IIcoLIIItcI  witil GaIIyIIICCie  ill
mbit 1 0 .  7’lIC GanyImdc  f l y b y  pcl lllrbs lllC Sj)acccli!fl all(i  dC$I a(ics tllc 01) at (:10.
O!I ttlc relnilininfi  orbits,  Corle.latimls bctwccll tllc. Gaiilc.all satellite. s (illc  to lilcir co]li-
Ilmnsurahility accmlzits fc)l t}lc  Iilcdest  jlI”l]HWVCIIK.l”lt  in Jmitioll  kllowlcci~,c  at  U1’lM 1
;Illd O-I’M?.

I“l~dwIImIis illl])l-c~vc~ttc~rits  ciuc to flybys of ]m.vjous  crlcoulltels, as (icsc]ibc(i  ill t}lc
lJr~~~di[lg  l)at:l~l~ph,  w~l~ i~rlore(]  f[)l t!lc I)rc-cJIc’oLIIllcr  (orl’i~~)  SO] LltiO1lS.  ~OIIsel’va-
tisln sug~c.sted  this approach, IUyby do])plcr (iata ml) ~cducc satelli te ]mition UlICC.l--
taillties  to t h e  SUb-ki]O1lJ~t~Y  le.vcl ( t o  bc slmwl)  - -  a cilalnatic impmvcljlc]lt  ill
krmwlcci?,c atmut wl]ic-h  wc (ii(i n o t  f e e l  comfo]-~ablc  jtlcc)llmmlinp, ill~o  tllc  IMC-

CtICOll IItCl” Ill:lllCUVCl”. ‘1’}Ic ra(ional  is tlml cxtlo]mlatill~, the posilioll 01 a satc]iitc [clll
~x)lalily k]]ow!] to suhkilolllcter  accutacics w i t h  a theoly ’ a(-c  LIIatc  t o  Illally  tells  of
kilol]icicrs (’]”ablc 2)  has  bcc~l S11OW1I to bc ]mssibly ullstablc  ‘f. “1’hus  o]l]y (i ])riofi
SiltCllit  C. covalhlnces,  n o t  u]date(i  COValiallCC.S, \vcIe a]q)lic(i  [C) tllc lWC-CIICOUII(CI  01)
anaiyscs.

“I”he  b:tryccr]tlic-1-clati\~c  s]mccclaf[ state at data cutc~fftilncs  is prescrltcd  i~l I(ipjure
6. Part A of the figure shows large unce.ltaitl[ics  ill s]mcccraft lmsitioll  at the tilllc  of
[Y1’M2, relative.  to CY1’h41 anti UI’h43. ‘1’llcsc uncellaintics  ale ll[l(iclstal~ci:ll)le  in tcllils
of ~collmlry.  in the rtbscnm  of strong.  ~,mvily  sig,llatulcs, trackill~  statiorls Iequilr  lonp,
data ales to acic.c]uately  locate tllc spacecraft ill coo](iinatc  slmcc. (Spacecraft position
is a cieciuccd  qtlalitity,  not an obsr]vc(i value..) Most ciata  in the. C)”l’M? c~:itn  ale is gath-
e~cci  far fmm .iupitc.r or satellite Iw.ricelltcls, lcavill~  little ill tllc way c)f a ~favity  si8-
lla~lll”C..  }; UI”thLllll KJIC, illsufficicllt  tilllc }las ela])sc(i  fc)r t h e  cio~q)ler  [0 dctcrlt-lillc  a l l
colnponc.nts  of spacecraft ]msitioll to a level cc)llllllcllslll:ltc  with a l]clicclitcl  p:ts.sap,  c.
IIclm large urmcrtaintics  ill tlm CY1’N4? coiuillll. ‘l”hc GIS o[bit,  lmwevcr, statlds out a s
an  cxce.ptioti.  lnste.ad of cicg]aciin?,, ~)ositioll  unce.lKiirity  actuai]y  irlilmovcs with re.sImt
to (NM 1. ‘1’his  can bc cx])laitml ill tcrflls of the short ]wrio(i  of the G8 mbit. It k tllc
b r i e f e s t  o r b i t  ili the tollr, ami consequc~ltly  rliost  of tllc (io~q)lc~ il~ t}m ()”l’M? (iata arc
iliclu(ics  a Jupitc.I- gravity sip,natulc.

‘]’hc spacecraft ~losition unccrlaitltics (iilllinish cira[natica]ly f o r  ~) Ic-erlCOLIIit(’!
Iilallcuvc.rs. “l’he  r e a s o n s  arc two- foi(i.  ‘]’hc radiolilctt”ic  ciata  arc has cioLtb]eci  il~ ]e.!lgt]l,

‘1
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inclusion of Opnav data 1]0s added satellite-relative ]msitio]l
sate.l]ite(s), in tLllIl,  arc. known  will] rcs[mt to the baryccl]tcr.

in fol]imtio  I1. ‘1’hc

}iig,ure  61] chal is t}m dolllinollt  (~lot 1<SS) col]llmlicnt of [he b:trycclltric-rel:ltivc
s])acecraft velocity uncertainly at tlw time of lnaIleLlvcr  data cutoffs. ‘1’ilis glaph is
niore, intuitive than ~mr( A bcc:lLIsc  of the one-to-one co] I’CS]XMICIC)WC.  bc.twcc.rl  data co]-
lcction and reduction ill vclmity  utlccrlaill[ics. ‘1’llc  uiIccI [ainties  shrink with aclcliticmal
data.  Chc appwmt c.xcc])tion:  tlw O-I’M? UIICCI tairlty o f  tllc. 1;6 cubit. “1’his LIIIUSLM1
data arc bc~ins at Jovian  [Ipoccn[el alicl itlcludcs  HO 114 flyby tiata (a cw[lsecluc.ficc  of
ttm solm colijLll)ctiolt)*. IIcllcc tl]L’ vallislliIl:,  of tllc  O-I’M 1 cOILIIi)TI  for 1;6.

R] f;sl]l ,’J’S

~’he orbit cletcrlllin:ltiot] cv[lluation  c)f the bttsclil]c 1.GA 10LII is IHCSC.LIICLI  in ‘ l ’ a b l e
~. ?’he V;I]lMX  tkl~ill  lCpl”C.SCIlt  ~~- p]illl~.  L1lICCI [:liIltiCS  fOI CXIC}l IIIarIcLlve.r  ill thC toLll”,  as

* I’tm conjunction dato arc spaos JaIIU:II  y 1 I, 19<)7  [<, J:ll)ll;  tl),  W,, ICY)T  (WVCII  d~ys ht.t’c,rc  J’{IVI:IrI apocctrtcr).  ~hc C)I)

froll) d)is  drr!a arc is nmppcd  to ttw N, cmwu(  cr. ‘1 Iw 1 (I [,lL.-crlcou[]lcr  d:It2  :Ilc :Ilw tIcfll  I\ .l:ihuary  11, hr[ ter[l)inatm
FAtmry 16 (eoccIurIIcr  Il)it,u< 4 doys). 1):11:1  wl[tlll) :17 dc~,Ic.t.  ot {I,c SIIII  is cxcludcd
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G1-3cl
G 1 knowledge

G1-r3d
G 1 .Ci2 apo
G2-3d
G? knowleclgc.

Ci2!+3d
G2,(3 apo
r3-3d
C3 krmwlecigc

c3i3d
C2,1:4 apcl
1{4 -3 d
I ;4 knowledge

Ii4 + 3 d
l~llasing  rev
1,6-3  d
]i6  knOWIC(iF,C.

1’.6 + 3 d

}i6,G”/ apO
G7-3d
Ci7 knc)wled~c

ci7+3d
Ci7,G8  alm
Cill-?lcl
G8 knowlccigc

Ci’t++:+d
G8,U  apO
C:9 -3 d
(9 knrrwledge

~;$)+~d
C9,CI O apo
CIO-3d
C1O kmwle.dgc

clo+3cl
(: 10,} ’.1 1 apo
1:11-3d
1:11 knowledge

‘l”allIL’ 3
1 GA 10UR ltNCC)UN’J’11:1{  I)lSI’RRSIONS  (10)

11.R (km)

12.”/
0.2

98.?

H
<0.1

61.0
43.0
18.6

<0.1

53.3
?1.5
8.4
1.6

36.5
g9.4
11.9
0.1

41.0
38.8
8.0

<0.1

3].4
15.3
26.2
0.1

13.5
20.1
34.4

1.7

33.7
4.5

20.7
1.7

249,7
43.0
9.6
0.7

25.0
0.1

3349.7
34.4
23.9
0.1

3056.1
79.9
29.5

1.8

3125.4
21.s
10.3
0.2

1986.()
36.0
10.s

<0.1

400.1
4“/.1
20.6

<0.1

273.s
68.8
?8.6

< ().1

36-/.9
1?.4
53.9
0.3

1697.7
2?.1
3?.7
0.2

]25,~
17.7
6.9
0.8

1.8
nil

409.0
4.2
O.g
nil

310.0
4.1
1.3
0.2

1270.2
~’9

;:?

668.9
13.4

0.5
nil

5-/.4
3.3
1.7
nil

?6.6
6.1
].?
nil

35.4
?.0
2,?
0.1

17”/.0
2.9
1.8
nil

5“/. s
6.5
?,~
0.1

No. of Opnavs
total (targ,ct)

31 (14)

43 (18)

34 (15)

i) (11)

;9 (12)

38 (14)

?3 (5)

?6 (15)

39 (13)

47 (18)

WC] 1 as k exmcte.d  errors ilI the time o f  arl-ival at t h e .  ]+-~~lalic (’l’CIPI). ‘1’hc IOWS
labcllcd “kt~ow~ccl~e”  l ist  a pos[eriori unce.~taitity  iIl t h e .  ac.hicvcd  f l y b y  ]~oilit i.[’. the
ulmxtairlt  y in the position of the spacm  aft at closest al)proach  conqmtcd “usirlg prc-
and post-en c.ounte,r data. T’hc row Iabcllcd  “phasing rev” tJ~lwc~Il 1;4 :111(? ]16  C] C! I1OICS

I o

the  s~lar  conjunct ion orbit, whm  no targct[eci  cncoLintcr  i s  p lanned.

l’hc n u m b e r s  o f  opnavs  s h u t t e r e d  f o r  e a c h  cncountcr  are l i s ted  in  tl]c rip,htnmt
colLllIITi of “1’able 3. “J%C total  number  of  opnavs  ( a l l  s a t e l l i t e s )  i s  provicie.cl  t h i n ,  as



W C]] as the  number of opnavs of ttlc targc[ satellite.

. .

Remarkably, Cialil&  I]avigators  ca~) am-c])i much of tile 1.GA 01). lks~litc losing
a si~nificant fractioti  of the data originally intcnctcci for navigation purposes, ili general
the tour remains navigab]c wilh llm low gain ante.n[]n. S(~II-IC  exccq)liolis exist, tlOW-

evc.r,  and t}mm ctclivcrics  in palticulal  substantially dcg,rade PM ‘c. Not surprisingly,
tllcsc  rcpmserrt  the prc-crmoLllIlcl  dclivm ics 10 tllc tllI cc. lowest altituclc tar p)c.ts  ili the
tcmr- (Ci 1, G2, and C9).

The  C9 prc-encouriter’ delivery stands out as cspccial]y anomolous (1;.R = M kin,
z1.7’  = 54 km, and 7“0A = 2.? see) atid dcsems special corlllllc!it.  “1’he lar~c (allisto  a
priori  uncertainty manifests itsdf in this encounter, yet it is cotispicuous ewcII  with
re.spcct  to comparab]c  flybys (i. P. C3 arlct  (~lo). An  cxplallation  cari bc fourid i n  t h e
spacecraft trajectory. ‘1’hc Ci&C9 o~bjt has the shor(c.st pm iocl of the thrtc  Callisto
encounters, and less data jm~)lic.s  a poorer dctcl  initiation  of tlm o r b i t . Figure 2
confirIt~s  t h a t  CY has large. unccrtninties ill o] bit oric]ltatiotl  (vcIificd  b y  t h e .  CY1’M3
column of ];igure  6A). l;rorn I;ip,ulc S OIN: sccs tlmt tlic coIII\)uted  Crllisto  unce.rtairlty
lins rcnmind  rclativdy  }]igh too, also a coIIscqucnce  of the bIicfer  O data aIc.
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Fi~uI e 7 Scllsitivity to I):ita 1 ,oss

I“hc  sensitivity c)f [our O]) to (iiita  loss was invcsti~,atcd. “Illc  iln}mct or] the tour
by re.ctLmin~ radiomcttic  anti opnav  data clcnsitics  by a facto] of two is showII itl Fig,Llrc
7 .  “J’he ordilmtc  in Fi.gLlrc ‘/ rmaSLlrcs vOlllllK  of t}lc Crlcou[itc]  clis]mrsio]l  e l l i p s o i d ,
cclual  to the product of (~/~)n with uIIcm lainties  in 13-plaIIc  sr]]li-In:l~or axis, sc.mi-]ninor
axis, ancl ctowntmck axis. VcIy a~q}loxillla(ciy, the  fi:urc SI1OWJS an inverse Ie.latior]
bctwccn navigation] d a t a  a n d  ctelivmy Ciispcrsiolls.  AcquiT  in:, ha l f  ttlc d a t a  will,
roL)gh]y,  doLlb]c  t}m dispcrsic)ll C]]ijmid.

‘l”rials  sensi[ivc to losil)~ specific data ty~m wclc also cx:lll-lincct.  ‘J’hc first trial
dctcrliiincd sclmitivity  m ransc  b y  ddi]lg ral)gc data to tllc  basrlillc  case. kXLl]tS,

lIowcvcl, wcIc iIlclistil]gLlisil:llJlc  flolll bascli]m rc.suits, so I-all:,c data appears to have
lilnitcc] applicability to the 1 GA tour.

A smorid trial exarnirrcd  sensitivity to iIltclfclO1ilctlic  llwasulclllents ‘~. At a rate
of two so-called dclt:i-(li ffcrcr~ti:ll  one-way range points  ]WI week. tlw results again
were indistinguishable. fronl base.line results. “lllLls ititcrt’clollictl  ic data has lililitcd
utility for the I.GA tcm.

I I
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]~igt~rc  8 Sclwitivity to l)ata l’y IIC

Sensitivity to the 10ss of eithcl  ciopplcr  or cq>tical  lllcasLllcll-lellts  is nlorc  sevm e.
l;i Eut-c 8 illustrates these  tl-ials. S[lcemsfu]ly cmnlJlcting, the tour is iml)ossiblc  without
both ctopplcr  and optiml data. “1’hc tinm-c)f-flight  error induced by the loss of dopplcr
data is not conl~mnsatcci  for with opnav-only navigation, anti the loss of baryccmtric-
rcla[ive satellite data (opnavs) high] y de~,f acics  [he clop]>lm-onl  y rc.suits. Ilut a collibi-
natiml of dmc data  tylms, cvcI) w i t h  only a 50% sucmss  r a t e ,  prodt.ms  rmults faT
sLII)~riol”  than a fl]]] .$dld~l]~  Of jLlst a sill~,l~  data  [y~JC.

l’ropellant  IVJargikl  Status
~Llrl’e.!itly (ALlg,ust ] 6, ] 993) ]’h4 approxilllatc]y  cc]uals - 1 0  kg. At this lc.vc1, t}lc

hasclinc  case has roughly cvetl oclds of colilp]cting  tbc tcm~. “]’he tour itself ccmsulms
approxilnatc]y  S8 kg of propc,ila[lt (Av = 110 m/see). Of this total, the. post-c  nc.ountcr
nlaneLlvcrs G], (32, slid (9 alone, cotlsulnc 26 kg of l%f ‘c. (’I-hc plcqxIlant consul)  lp-
tion of post-mcountel  rrmrmuvcrs  is significantly influcrwcd  by pe-encounter  01).) “l’he
pcrforl]mnce. of only a fcw mancuvcl-s has rcdtmcl cxpccta[iorl for’ Cclln]jlc[irl:,  the. tcwr
tmncath  the. 9[1% ttmxho]d.

]/[]’J’~]]~]~ ~hq]’]~~VJ~;~fl]l;N’J’S

P r o s p e c t s  f o r  cotlcluding  the  tour  appeal  less  than cerlain  juciging  by (I1C rcsLtlts
ckniribe.cl  above. 1,it[le margin exists ill tlm data schcciLlle.  for pcxsible  (and plobablc)
tclcrlletry loss, so losing  navip,ation  data will further handicap the mission. Although
losing a moclcst fraction of doppler data (nluch  less than half) will have little or rlo
affect, losing mom  thar[ 10% CW 1 SCZJ  of t}w opnav buclget  will seriously de~,i acic the
O]). “1’his loss bccoIncs  e s p e c i a l l y  poi!,rlarlt  if t(trgcf satellite ilm~e.s fail. ]n tlm G8
orbit  only five inirrgcs c)f ~;anynmic  are, shu t t e . r ed ,  all willlin  the las[  day of the ciata

ale. I{ach  opnav  contribLltcs  v i t a l  infotlnatic~n to tllc ()]), sc) l o s i n g  cvc[l a sinp,lc
itlm~,c  i~iflatcx  cie.lively dispcmions. };or cxan]ple, cxcludillg, all  f i v e  GanyInc(?e  imag,cs
f t  cml t h e  Ci8 prc-cncountc.r  ciata  a r c increases dis]m-sicms t o  tile fc)llowill~  val Lms:

ii.~ = ] 1 0  kJll, R7”  =  69 kll”l, illlCi 7’OA z 2.3 SCC. Prc-erKwLlrltm  statistics of this nlagni-
tmic irr~mcdiatcly  cloom the rcniailicicr of tbc tour. Jlow then, to irlllmvc  ttic prospects
fc)r a 10090 compictc[i  missiofi?

“1’wo pmsiblc  soul CM of 01) i m p r o v e m e n t  present tilcmselvcs in 1 ‘i~ule 9. Chc
me.tlloci  processes ail jlyby data frolll c!)ccmrlter  i-1 i n  ttlc pIc-eImoLITIIcu  d a t a  al-c  o f
ol-bit  i  ( i . e .  t h e  prc-ellcountcr ciala  arc stal [s 3 ciays bcfole  i- l ) . “Ibis nie.thod
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Figure 9 Sensitivity to l’otmltial  01)  improvements

practically clilliinatcs II-plane. clLors. Swin~ing t)y encounter’ i-] gene. rate.s copious
cloppler data and  ttlc knowlcctge  g a i n e d ,  eitlm  clirc.clly  or illciircct]y t}noug,h Galilcan
mditions, rduccs the a priori qhme.ris urmrtriinty  at cr]countc.r i, As  note .c l ,  how-
ever, sorlle. rescl valions  exist  rcgardin~ tllc robustness of this approach.

Since the covarianm  of a planet or sate.]li(c  ciepcr)cis  largely upon the c)bscrvations
to wl]ich the c.phcmcr is is acljusteci,  an altc] IIaU2 progl am fc)l 01> irllpr-oveIIlcrit  ]Ias the
goal of improving the a priori ephc.rlml  is before tllc spacxmatl’s  al I ival at Jupiter 18.
‘ l ’ h i s  :,rounci-basec] obsmving pI og,raIII  prcq~c)ses  to rcciucc a priori  unce.r ~ailltics by a
factor of two, wit]] the expectation that illl~mved  knowlcd$e  c)f the c~)lmnm is will
bc.ncfit P M ,  I;igure  9 s u g g e s t s  t h e  CJl~ inqm)vll-l~[lts  possi~~]c  with a ~~~~ sr”nall~r
covmiance. “1’rmslated  into I’M, the savil]p,s  flonl halvinf,  the covariancc will increase.
PM by 61/2 kilogrmns ‘9. “1’his qllan[ity  of pro])cllmi[ roughly cc]uatcs to actcling  an aclcli-
ticmal  encounter to the tour.

Another o~)tion is to m-position  inane.uvcrs. h40virlp t h e  CY Imc-cncoulltcr
rimrlcuver from cncourltcr  ~J)inus 3 days to clic. c)untcl  r]lillus 2 clays acicis  an extra day
of Ciata. LJltima[ely,  t~w cnsuin~,  ilIlprc)vInent  tc) (JIJ rcciuccs f~lC ~~ ciis~)cl’sioIi C]]i~J-

sc)ici to a VOIUIIiC  cquivrrlellt  tO tl]:lt  O f  G 1 , a colossal inlp Iovcrm2nt 2(J. ‘l’his sing,lc
change increases PM by 51A kilc)glal}]s  21.

CONCI.USION
C)rbit cictcrlnination  of an ] ,CiA n~issicm  has dcgmcieci  witi~ respect to the 01) ori -

:,inally cmvisiomci  for t}m IIGA tour . Rut by cc)mbininp,  ncw and rccluced a priori
satellite. cphcInericics  witi] flcxibi]ily  ill positioning orbit t]”irl”l  n!allcuvers, a coval”iance
analysis c.]e. rIrly suggests that an ] ,GA ~~a]i]c.o  Wi]] Sllccessfu]]y navigate. tcn Satellite
encouIltcrs. “1’bus, althoup,lI  the tciccc)]]lll]lll[  ic:itioris bit rate clro])pccl  folll c) Icic.I-s  of
magnitude with the loss of the 1 IGA, visiting tim (ialilcarl satcl]itcs rc]nains ml adliev-
ab]c objwtivc  for Galileo. As shown, however, a non-trivial (ieficimcy  remaining in
tlm 1 GA mission is the lack of ctnta  rc(iunciancy  anti overlap. I ittlc m:tr-~in exists for
10ss of navigation ciata.
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